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AiSnUCT^ Risk factors for acuu upper ren>i^toiy tract 
disease iti childhood were evaluated in a population-based 
aamplf d' ihe AUaitu inftropolitajn area. Mothers firott 
449 bouaeboldi eontaininc 575 children lets than 5 years 
^ aft eftrt aelbcted ^ randozn-difit dialinf and <|ues- 
doned abovn t^>per respiratory tract mfactlon and tar 
infection occurrinf in their children during the preceding 
2 weeks^ HcMiaebold demogrephic and aocioeconomic 
cbancuristici, maternal smoking history and child day- 
cart attendance and breast-feeding information were alao 
obtained. For children less than 5 years of age. the 
reported incidence of upper respiratory tract infection 
was 24%^ and of ear infection, B%, Controlling for the 
other variables measured, day-care atundance ww aaao- 
dated with e significantly increased risk of both illneeses: 
For tiqpper respirstory traa infection, tncreased risk was 
present for all children attending day care (P * .02, odds 
mio • 1.5), whereas for air infection, rial covdd be 
demonstrati^ only for full-time attendeef (P w .005, odds 
ratio • 3.8). Maternal smoking was a sooozui independent: 
fiak bctor for a dukTs having upper lespiistory trad 
IhfecCion fodde ratio n 1.7; P* .OIK Thirty-one percent 
of all I upper respiratory tract infection among ^y-care 
ottendeM and 86% of all ear infections among full-time 
day-cart attendees were attribuubie to day-care attend- 
onet. Given the proportion ofchildrec m ihiy cut, 9% to 
14ft of the total burden ofu^r rtapiretoiy tract dtataae 
in this population was dsy cart related. Aa uae of child 
day-care facilities has ihmased, this spedfic txposurt 
has become a maior factor contributing to tranamiasion 
of acute upper respiratory tract dis e as e in ehildbood. 
Pediorncs 19S7;79:S5-60; tapper iv^iwory tract inftc* 
fmn, doy^cofe oetrndhnce 


Infecdons of the upper respiratory system are the 
most common illBesaet affecting children leas than 
6 years of tfe in the developed world] Although 
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thtae iUneaaei, including acute iQ>per mpiratory 
tract infection and otitis mediae may occaiionally 
progrew to more aevere disease, most often they 
are self-limited Dm^iu their rtlatii^ly benipi na¬ 
ture, however, upper respiratory tract infectious 
Ulntaaet are important oiuaet of childhood morbid¬ 
ity, and their treatment conaumes a substantial 
portion of available health care reaourcei.^ 

During the past decade, it bu been demonstrated 
that risk of a number of childhood infections, in¬ 
cluding hepatitis,’ diarsheal'diseases;’ and invasive 
in/Zuenroe/ is mcieaaed by day-care 
atundance. Du^g this same time, the number of 
children younger than 5 yean of age in the Uhited 
States who are enrolled in day care has undergone 
a dramatic increase.' Although several studies have 
suggested that the risk of \xppat respiratory tract 
disease may be increased for acme day-care at¬ 
tendees,'"' the importance of this aaaociation has 
not been well definedL 

In this study, wt tiamined risk factors for acqui¬ 
sition of infections of the upper respiratory lyatem 
in childfeo less than 5 years of age and specifically 
evaluated the role pla)^ by day-care attendance. 
Using population-baaed data, we determined the 
amount of Ulnesa attributable to this increasingly 
common childhood eipoeure. 

METHODS 

A CToea section of all bouaeboldi containing chD- 
dren kaa than 5 years of age in AtlanU was sur¬ 
veyed by telephone from mid-July through mid- 
September 19>^. 

Sampling Proewdure 

Telephone numbers cooiisting of prefixes serving 
the study area and four randomly selected final 


PEDIATRICS Voli 79 No. 1 January 1987 5S 

Source: https://www.industrydocuments.ucsf.edu/docs/jknx0000 


2023379749 



dig^U were generAted by computer. Every possible 
telephone number in the seven counties composing 
the metropoliUD arts (populition 1.9 miltion) had 
an equal likelihood bf being selected and called; no 
call Clustering techniques were used. Each number 
selected was called' at least twice during business 
hours and at kait six times during evenings and 
sreekends before being discarded Only bcmseholds 
with children less than 5 years of age were enrolled 

Out atkmnairi AdmMttration 

Using a standardiied questionnaire, trained in* 
terviewers obtained informed consent and then col* 
iected information from the guardian of the chil^ 
dren in the household; prefersbly the mother. Data 
(rt)tained included household demographic and so¬ 
cioeconomic cbaracteristict* current maternal 
smoking history, and current breast-feeding and 
day-care attendance information for all children 
less than 5 years of age. All children within a given 
household were enrolled to ensure that our sample 
accurately represented aU children in the study area 
with respect to household size and other related 
characteristics. A 15% sample of completed ques¬ 
tionnaires was validated sridi a follow-up telephone 
call; no child's UUiess or day-care status was reclas- 
•ifi^ as a result of these c^s. 

Oaflnitlons 

History of recent acute respiratory infection 
(cough, cold, or ear infection) was obtained directly 
from the child's guardian.^^*^ Because independent 
physician confirmation of illness was not required, 
we have used the term ^'ear infection" rather than 
otitis media to denou parental reported cases of 
infections of the ear. Criteria including anribiotic 
administration and physician visit were used if 
respondents needed clarification. We did not at¬ 
tempt to identify specific etiologic agents. Incidence 
of disease rather than duration of symptoms was 
assessed] To limit interviewer and respondent bias, 
illness history was elicited before parents were 
asked about day-caie attendance; Children were 
considered case children if ^ey had been ill srith 
upper respiratory tract infection or ear infi^on at 
any time during the 2 weeks before interview 
was conducted] Day care was defined at regular (>4 
b/wk) supervised care of at leut two unrelated 
children. Each child's dky-care sutut was deter¬ 
mined individually, based on emoUment at the time 
of interview. Part-time enrollment was defined as 
five to 39 hours' attendance per week and full-time 
as 40 or more hours per week. 

Analysis 

Two analyses of risk factors were undertaken, 


sa respiratory infechons 


one for children reported to have upper respiratory 
tract infection and the other for cUidren reported 
to have ear infection. An automatic interaction 
detection program was used to assist in selection of 
variables for inclusion in an unconditional logistic 
regression model. Only associations that were bio¬ 
logically plausible were considered. We did not at¬ 
tempt to analyze or control for transmission of 
illhets srithin households because we could not 
distinguish between primary and' secondary cases. 
The number of chil^n younger than 5 years in 
the household; a variable included in the model, 
may serve as a surrogate for intrafamilial spread. 
Final models were obtained by first putting aU 
candidate variables into the mo^I and then elimi¬ 
nating any variable that wu not significant and 
whose elimination did not alter the odds ratio et^ 
timates of significant variables by more than 15%. 
Etiologic fractions among exposed groups (EFe) 
were calculated by the formula: EFe • (probability 
of disease in exposed - probability of disease in 
unezposed)/(probability of disease in exposed) and 
were standardized for the entire population by 
weighting the values from individual strata accord¬ 
ing to the percentage of the population represented 
by that strata. The disease probabilities used were 
those determined by the regression model 


A total of 3,952 households in the study area were 
surveyed. Of these, 3,387 contained no children 
younger than 5 ^an, 78 were unwilling to answer 
whether children were present and 487 contained 
at least one young child. Of these latux households, 
complete interviews were obtained for 449 (92%). 
Twenty-six percent of households (118) contained' 
more than one child; and information regarding 
illness was collected Tor 575 children; 

UpparRaaplratPry Tract Infacdon 

Twenty-four percent of the children surveyed 
(139/575) were reported to have had an upper res^ 
piratory tract infection during the 2 weeks before 
the interview. The incidence of reported illness was 
divided equally by sex srith 24% of both boys (75/ j 
307) and girls (64/268) affected] Race did not ap- ! 

pear to be a significant risk factor, illness was li 

reported for 23% of white children {%/421); 27% j! 
of black children (40/146) , and 40% of children of j 
Other races (4/10). The frequency of upper respi¬ 
ratory tract infection did vary somewhat srith age; | 
incidence in children younger than 36 months was 
27% (91/338), and in childien 36 months or older, 

20% (47/232). 

On univariate analysis, children who attended I 
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day'Care facilities appeared to be more likely than 
children who did not attend to have had symptomE 
of an upper respiratory tract infection during the 2 
weeks nriKed int the inurvi^ (32% (55/175] of 
attendees 0 21% (64/400] of nonattendees; P * .01, 
X*). A sifnificant difference in risk between part- 
tiine and full-tiicae attendance could not be demf 
onstrated, althoutb there was a sunc*tive trend in 
children younger than 36 months (42% (23/55] 
incidence in fiill-tkae attend^s v 26% (11/39] in 
part-time attendees, P .2. Fisher exact test); The 
type of day>eare facility; ie, residential o nonresi- 
<kntial, .and the length of time the child had been 
attendihg were not sutistically associated with the 
likelihood of upper respiratory ttact infection. 

The association of day-care attendance srith up¬ 
per respiiatoiy tract infection was Atrther evahiat^ 
by k^istic regreuion in a model that contained 
other variables considered to be possible risk factors 
fordiaease. These variables included family income; 
crowding (dichotomised at Ie» than v equal to or 
more than one person per room), and number of 
children less than 5 years of age, maternal smoking, 
and child’s race and age (dichotomized at 36 
months): Current breast-feeding was included as a 
possible protective factor in children less than 6 
months of age: 

In this model, children who' attended day care 
were significant more likely than children who 
did not attend to have had a parent-reported upper 
respiratory tract infection during the 2 weeks before 
interview (odds ratio ■ 1.6, P • .02, Fig 1). Ih * 
addition to day-care attendance, a second fKtor, 
matemri ampking, was alto associated with in- 
cie as ed risk W tqiper itqiiratoiy tract infection 
{odds ratio • 1.7, P • .01): The effects of day-care 
attendance and maternal smoking srere independ¬ 
ent of one another. Child’s age, although itself not 



IRS« rACTO»S 

^ 1. Probability of upper reapiratoiy tract infection 
according to age, crowding, matcmal tmoking, and day- 
cart tutus. 


a risk factor (oddi ratio ■ 1.2, P « .4), did signifi¬ 
cantly modify the effect of a third variable, house¬ 
hold crowding. Living in crowded conditions was 
aignificantly associated with upper respiratory tract 
infection in children younger than 36 months (odds 
ratio w 2.4, P w .62) but not in children 36 months 
or older (oddi ratio > 0.6, P • .4). No atatistically 
•ignifieant association with risk of upper respira¬ 
tory traa infection was aeen for family income, 
number of children less than 5 years, and' child’s 
race, and no protective benefit of breaat-feeding 
could be demonstrated (Table 1). 

Clustering of illnesses within households did not 
seem to aignificantly affect the association of upper 
respiratory tract infection srith day-care attend¬ 
ance. ’This relationship in households srith only one 
child Im than 5yeart ofage wuatinilartothat in 
bousehdds srith two ill children (odds ratio * 1.73 
V 1.72), and the prevalence of day-care attendance 
in ill children ffom households containing no other 
children less than 5 years was similar to that ob- 
aerved in children ffom households srith another ill 
aibling (41% (35/65] v 40% (12/30]): 

Ear Iriteetion 

Six percent (34/575) of children leu than 5 years 
of age svere reported to have had'an i ear infection 
during the 2 sveeks before the interview. Ear infec¬ 
tion sns reported more often for boys than girls 
(7,2% p 4.5%), but this difference w« not atatisti- 
cally significant. Black children and white children 
were affected equally (6.1%); none of the ten du|: 
dren of other races were reported ill. Compared 
with upper respiratory tract infection, the incidence 
of ear infection wu more infiuenced by age. Inci¬ 
dence s»as 8.6% (29/33?) in children 0 to 35 months 
of age and 2:1% (5/233) in children 3 or 4 years of 
age. Children srith ear infection were significantly 
more likely than children sritbout ear infection to 
have bad upper respiratory tract infection symp¬ 
toms during the preceding 2 weeks (65% (22/34]) v 
22% (116/535); odds ratio - 6. P < XKIl, Fisher 
exact test). 

Univariate analysis suggested that, as srith upper 
respiratory tract infection, children attending day 


TABLE 1. VsmblH Not InciUdtd in PinalUpper Ru- 
piratoty Tract Infection Model 


ViihAblf 

Oddi Ratio 
(Point Eatimata) 

PVahie 

N6. of children <5 yr 

0j7 

.17 

iUct 

U 

.76 

Breast-fseding 

Income (t) 

1.0 

.98 

0-19,999 

1.0 


10-34,999 

1.5 

.14 

^35.000 

1.0 

.91 
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care were at increased ritk for development of ear 
inf^tioD. For ear infection, however, only children 
who attended a day«cart facility 40 or more hours 
per week could be shown to be at increased risk. 

‘ This association with full-time attendimce was 
present when either all children or only children 
younger than 36 months were evaluated (ThbU 2). 
Although the number of children with ear infection 
who attended day-care full time was relatively 
small, the type of day-care facility, ie, residential v 
nonresidential, and the length of time the child had 
been attending did not appear to be aaaociated with 
increased risk of disease^ 

The associition between full*time day-care at¬ 
tendance and ear infection wu evaltkited in a logis¬ 
tic regression model containing the same variables 
that were used for the upper respirttory tract infec¬ 
tion analysis. Concomitant upper respiratory tract 
infection was not considered as a aeparate risk 
Victor because this illness may, in many initancM, 
represent an intermediate step between exposure 
to a risk factor and ear infectioni^^^ Clustering of 
ear infections within a household occurred only 
once and, thus, was not a factor in analysis. In the 
ear infection model! full-time day-care attendance 
was strongly associated with increased risk of tar 
infection (oddk ratio * 3.2; P « .005). Afe was a 
second important predictor of disease, with children 
younger tlun 36 months at higher risk than chil¬ 
dren 36 months of age or older (odds ratio » 3.3, P 
* .02). Among young children, as with upper res^ 
piratory tract infection^ crowding was an important 
factor predicting disease (odds ratio » 3.4, P • .01); 
in the older age group, data were inauffident to 
assess the effect of this variable (Fig 2). For ear 
infection, family income, number of children less 
than 5 years of age,maternal smokings and chiltTs 
race and breast-feeding status were not signifi^ 
cantly associated with risk (Tsble 3). Two factors, 
mstemai smoking and part-time day-care attend¬ 
ance, which were associated with the risk of upper 
respiratory tract infection, were not associated srith 
the risk of ear infection. This finding m«y bs 
to the smaller numbtrs of diOditn with ear 
tioni end consequent leek ^ eutistical power of 


TABLE Z Incidence of Ear Infection by Dsy-Cart At¬ 
tendance Sutui for All Children and Children 0 td 35 
Months of Age _ 


Day-Csrt AtUnduict 
StMtm 

t&cidr&ce of Ear InfectioB (%) 

ADGbUdms 

0-55 Mo 

NonstUndeet 

416 (19/395) 

7.0 (17/244) 

Psrt-tixDf attendees 

4111 (3/73) 

5.3 (2/36) 

FuU-time attendees 

11.7 (12/102) 

16.2 (10/55) 

Sutus not svsiUble 

(0/5) 

(0/1) 

Total 

6:9 (64/575) 

6.7 (29/338) 


S8 RESPIRATORY INFECTIONS 
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Fig 2. Probsbility of ear infection according to age, 
crowding, and dayr'Cart sutus. 


TABLE 3. Varisblss Not Included in Final i Esr Infec¬ 
tion Model 


Vahsbk 

Oddi Ratio 
(PoLBt Estimsui) 

FVsiuf 

Noj of children <5 yr 

0.7 

.43 

Mitemsl smoking 

1.1 

32 

Race 

1.0 

J3 

Breast-feeding 

Income (1) 

13 

.32 

<K19,999 

1.0 


20-34,999 

0.9 

37 

^35,000 

0.8 

.73 


ihemativtiy to actual differences in risk faetors^r | 
these two syndromes, 

Alirtbuteblo Risk 

Perhaps the most meaningful measure of the 
amount of upper respiratory tract disease associ¬ 
ated with day-care attendance is the etiologic firac- 
tion among the exposed children or EFet^^MH j 
which can be interpreted u the proportion of res- ^ 
piratory illneu among children who attend day care j 
that is directly related (^attribuuble’') to this ex- | 
posure; 

In this study, the EFe( 4 t,<M«) for \q)per respiratory 
tract infection, adjusted for the other variables 
shown to be associated with upper respiratory tract 
infection, was 31%. Thus, approximately one third 
of upp>er respiratory tract infections in children who 
attend dky care may be attributable to this specific 
exposure. The for upper respirttory \ 

tract affections varied slightly by age and was 30% C | 
for children younger than 36 months and 33% for itC 
children 36 months of age or older. 

For ear infections, the EFe^fuij.uM d^r^A'vv was 66%, CJ : 
standardixed for the other variables shown to be ^|! 
associated with ear infection, and thus approxi- Cm 
mately two thirds of ear infection contracted by 
full-time day-care attendees may be directly re- C/l 
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TABLE 4: Etiologic Frftction Among Expoted Groupi 
» ' wn) * Population Attributable Risk of Uppat 

RMpiratory TricvMaetion and Ear Infaction Aiaodatad 
with Diy>Cay» Attandanca_ 


Cfciitf'i latsction 
sodiAgr (Mo) 

Childlvn 

AttcTkdi&f 

Dty-Ctre 

{%) 

Psi^UOll 

Attrikuubk 

Risk(%) 

U^r j^iratory 
tract 

.30 . 

29 

9 

b36 

.33 

34 

11 

Ear ialeetion 

0-3!^ 

.64 

16 

10 

B3e 

.68 

20 

14 


Utid to that ^>ecific exposure. The age-tpeciTic 
EFtiaiOitiM for tar infection was 64% for 

diUdrtn 0 to 3S-months of age, those at highest 
iisk« and 68% for children 3 and 4 years of age. 

Tlie amount of upper respiratory tract disease in 
all young children that » directly related to day* 
care att^dhnce (the etiologic fraction among the 
population, also called the population attributable 
Tiak) depends not only on the proportion of illness 
xelated to attendance but also on the proportion of 
children who attend. This latter figure is likely to 
depend on a variety of factort including geographic 
region, aeason of the yeari, and age of the children 
involved. In Atlanta, diuing the summer of 1984, 
the population attributable risk for day-care at- 
tenduce varied between 9% and 11% for upper 
re^iratory tract infection and between 10% and 
14% for ear infection, depending on child^s age 
(Table 4). 

OISCU65IQN 

Although more than 11 million child^n in the 
United Sutes attend tome form of day care,esti¬ 
mates of risk have not been available for many of 
the illnesses to which these children are exposed, 
and the need for population^based studies biu be¬ 
come increasingly apparent.^^'^ In particular, al- 
tbou^ the association between day-care attend¬ 
ance and infections of the upper reipiratoiy system 
was suggested more than 35 years ago,*’ the contri¬ 
bution of day-care exposure to overall risk for these 
diseases has not been definedi 

This study wsi designed to quantify the relstton 
between diiy-care attendance and risk of childhood 
iq>per respiratory tract infections. Controlling for 
effect of other risk factors, children in this 
cohort who were enrolled in day care were substan¬ 
tially more likely to have both tqpper respiratory 
tract infection and ear infection. Because these 
children were randomly selected from the general 
population, we could calculate that approximately 


one third of upper mpiratory tract infections 
among day-care attendees and two thirds of car 
infections amongfull-time day-caie attendees were 
directly related to attendance. Because data regard^ 
ing the proportion of children in the population 
attending day-care facilities were also available, we 
were able to Mtimau that 9% to 14% of all upper 
respifatoiy* tract infections and ear infections in 
children less than 5 years of age may occur as a 
mult of day-care attendance, a figure generalizable 
to other areas to the extent that day-care attend¬ 
ance patterns in Atlanta are similar to attendance 
patterns elsewhere. These estimates provide a use¬ 
ful assessment of the influence of dky-care attendr 
anct on the ovtmll risk of upper respiratory tract 
infection in young children. Respiratory illness re¬ 
sults in an Mtimated 17.4 million physician visiu a 
year in the United States’ and for otitis media 
alone, an ^timated annual expenditure of more 
than $2 biliioni’^ 

These percentages should be interpreted with 
appropriate caution. Having a child in day care may 
alter the likelihood that parents wilt notice and 
report illness in their children. This study deter¬ 
mined a point estimste of risk based on parental 
reporting of illness during a 2-week period and, as 
such, should be viewed as only a first st^ in quan¬ 
tifying the effect of day-care attendance on the 
incidence of childhood upper mpiratory tract in¬ 
fections^ Nevertheless, the case definition based bn 
parental reporting can be partially validated by the 
mulu of the analysis. If parents were reporting 
mpiratory infections when no illness had occurred^ 
one would not expect to find significant associa- 
tiont with crowding or mitemal smoking. Tlie sub¬ 
stantia) portion of upper mpiratory tract infection 
linked to day-care attendance in this study suggests 
that it would be useful to determine whether spe¬ 
cific etiologic agents may be particularly associated 
with this risk. 

Additional studies that assess risk over sesson 
ahotuid be undertaken. For example, the risk of 
upper respiratory triads‘'infection associated with 
day-care attendance calculated by this study may 
be a minimum estimate; day-care attendance may 
be more strongly linked with disease during the 
winter mpiratory illness season when the likeli¬ 
hood of the introduction of upper mpiratory tract 
infection into a dky-care fitcility may be greater. 
Alternatively, a greater backgroxmd incidence of 
viral infection during the winter might reduce the 
added risk associated with day-care attendance. 

Several aspects of analysis other than the relation 
between upper respiratory tract illness and day¬ 
care attendance deserve comment The similarity 
of the risk factor models for upper respiratory tract 
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mfection and ear infection demonstrates the close 
association between these two illnesses and reaf> 
Gnns the liJcely role of upper respiratory tract in^ 
f ecti ops in the patbogenesis of ear infection.^^^ Tbt 

dlata rtfardinf matemal amokmf ttnderecprt the 
link betiretn paaatva tKpoiuiv to amokt and devtl^ 
npmant of upper feepiratory tmct infection in cliil- 
dktn;'^^ In Hits study, tte proportion of ut^r 
foepiratoiy trect infectkms in 
Biotbers emibiiuble to this capoeuit (84%) and 
the total populitioD sttributabh riak (10%) wftt 
coix 4 )arabte to tboee cahnikted for 
anct* 

As risk factors, however, there is a major differ^ 
ence between maumal smokinf and day-care at¬ 
tendance. Whereas matemal smoking is totally pre^ 
ventable, diy-care attendance is not. This differ¬ 
ence highlights an increasingly obvious dilemma: 
child day care provides an irreplaceable service; yet, 
by its nature, it also results in enhanced transmis^ 
sion of infectious illnesses. The most practical ip- 
proach to this problem^reduction of risk among 
those children who attend—‘rests on the assump^ 
lion that differences in day-care facilities and chil¬ 
dren's exposures within those facilities may affect 
degree of risk. For diarrheal disease, this assump¬ 
tion seems warranted; risk has been shown to be 
influenced by a variety of specific day-care charac¬ 
teristics.^ Whether the same is true for mpiratory 
disease rtmaini an open question^ Identification of 
specific factors that are associated with increased 
risk of upper respiratory tract disease within day¬ 
care facilities should be a primary goal of future 
study. 
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